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(54) Apparatus for manufacturing silicon substrate

(57) There is disclosed an apparatus for manufactur-
ing a silicon substrate including a crucible part, a molding
part extended from an outlet of the crucible part, the mold-
ing part comprising a molding space where a silicon sub-

strate is formed, and a dummy bar inserted in the molding
space from a predetermined portion of the molding part,
wherein the dummy bar is formed of a single-crystalline
material.
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Description

[0001]  [TECHNICAL FIELD] 
[0002] Embodiments may relate to an apparatus for
manufacturing a silicon substrate, more particularly, to
an apparatus for manufacturing a silicon substrate for a
solar battery, using continuous casting.
[0003]  [BACKGROUND] 
[0004] Generally, silicon is molted and molten silicon
is solidified to fabricate a single- crystalline silicon ingot
or polycrystalline silicon block. The single- crystalline sil-
icon ingot or polycrystalline silicon block is cut and a sil-
icon substrate is manufactured.
[0005] The single-crystalline silicon ingot is fabricated
according to Czochralski method through a crystalline
growth process using seed crystals from silicon molten.
[0006] The polycrystalline block is fabricated through
a single-direction solidification process according to Heat
Exchanger (HEM) or Bridman-Stockbarger method.
[0007] The fabricated single-crystalline silicon Ingot or
polycrystalline silicon block is manufactured into a silicon
substrate through various cutting processes.
[0008] During the cutting process of the single-crystal-
line ingot or polycrystalline silicon block, 40∼50% of Kerf-
loss might be generated. Accordingly, there is a disad-
vantage of increased production cost for a silicon sub-
strate for a solar battery that is caused by the Kerf-loss
generated during the process of manufacturing the sili-
con substrate.
[0009] To solve the disadvantage there have been ac-
tive studies on a method of directly manufacturing a thin
silicon substrate from molten silicon, without the ingot
cutting process.
[0010] Currently, direct manufacturing technique with
respect to a silicon substrate for a solar battery can be
categorized into a vertical growth technique and a hori-
zontal growth technique. A conventional vertical growth
technique includes edge- defined film- fed growth (EFG),
string ribbon (SR) . The horizontal growth technique in-
cludes ribbon growth on substrate (RGS) and crystalli-
zation on dipped substrate (CDS) .
[0011] FIG. 1 includes a schematic diagram illustrating
an apparatus for manufacturing a silicon substrate man-
ufactured according to RGS technique for directly man-
ufacturing a silicon substrate from molten silicon in a hor-
izontal direction and a diagram illustrating a fine structure
of the silicon substrate fabricated according to the RGS
technique.
[0012] In the RGS technique, a latent heat of the molten
silicon moving via a lower substrate 1 is removed rapidly,
to manufacture a silicon substrate. Such the RGS tech-
nique has high productivity, compared with other meth-
ods for directly manufacturing the silicon substrate. How-
ever, if manufacturing the silicon substrate according to
the RGS method, a crystalline growth direction of the
silicon substrate is  perpendicular to a direction of moving
the silicon substrate. Accordingly, grains happen to grow
within the thickness of the silicon substrate.

[0013] Also, as shown in FIG. 1 (a), the crystalline
growth direction of silicon is perpendicular to the silicon
substrate moving direction. As shown in FIG. 1 (b), grains
are densely closed and solidification is performed along
a solid- liquid interface such that impurities might be con-
centrated on a surface of the silicon substrate. Accord-
ingly, there might be a problem of deteriorated conver-
sion efficiency in the manufactured solar battery.
[0014] Meanwhile, in a conventional vertical growth
technique, a direction of manufacturing a silicon sub-
strate is in parallel to a direction of crystalline growth.
Accordingly, the size of a crystalline grain generated in
the silicon substrate is large enough to enhance conver-
sion efficiency. However, the conventional vertical
growth technique has a problem of low productivity, be-
cause the silicon solidification speed is quite slow.
[0015] In the conventional direct manufacturing tech-
nique with respect to a silicon substrate, silicon substrate
productivity and energy conversion efficiency are in
trade-off. Accordingly, there are demands on a silicon
substrate manufacturing technique that is able to en-
hance both productivity and quality of the silicon sub-
strate.
[0016]  [PRIOR ART DOCUMENTS] 
[0017] Korean Registered Patent No. 10-1080757
[0018] Japan Publicized Patent No. 1995-256624
[0019]  [DISCLOSURE] 
[0020]  [TECHNICAL PROBLEM] 
[0021] To solve the problems, an object of the invention
is to provide an apparatus for manufacturing a silicon
substrate that can make a solid-liquid interface to be per-
pendicular to a crystal growth direction of silicon in man-
ufacturing a silicon substrate and that can control the
grain size of silicon to be enlarged.
[0022] Another object of the invention is to provide an
apparatus for manufacturing a silicon substrate that can
manufacture a silicon substrate having enhanced con-
version efficiency according to a continuous casting
method capable of enabling continuous production and
physical control, with enhancing productivity simultane-
ously.
[0023]  [TECHNICAL SOLUTION] 
[0024] In an aspect of the invention, an apparatus for
manufacturing a silicon substrate includes a crucible part;
a molding part extended from an outlet of the crucible
part, the molding part comprising a molding space where
a silicon substrate is formed; and a dummy bar inserted
in the molding space from a predetermined portion of the
molding part, wherein the dummy bar is formed of a sin-
gle-crystalline material.
[0025] The single-crystalline material may be single-
crystalline silicon.
[0026] The apparatus for manufacturing the silicon
substrate may further include a dummy bar coupling part
that is able to be coupled to the dummy bar.
[0027] The apparatus for manufacturing the silicon
substrate may further include a driving part to drive the
dummy bar coupling part to be movable in a longitudinal
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direction of the molding part.
[0028] The crucible part may include a top surface, side
surfaces extended from the top surface in a downward
direction, a bottom surface extended from the side sur-
faces in a perpendicular direction and an inclined part
having a slope of an acute angle with respect to one of
the side surfaces.
[0029] The apparatus for manufacturing the silicon
substrate may further include a closable part arranged
adjacent to the molding part to cover an outside of the
dummy bar coupling part, the closable part that is ex-
pandable and contractible in a longitudinal direction of
the dummy bar.
[0030] The crucible part may include a first crucible
part and a second crucible part, and the first crucible part
may include a top surface, side surfaces extended from
the top surface in a downward direction, a bottom surface
extended from the side surfaces in a perpendicular di-
rection and a first outlet formed through a predetermined
portion thereof in a parallel direction with respect to the
bottom surface, and the second crucible part may be in-
sertedly coupled to the first crucible part and the second
crucible part may include a second inclined part connect-
ed with the bottom surface, with a slope of an acute angle
with respect to an upper portion of the top surface pro-
vided in the first crucible part.
[0031] The apparatus for manufacturing the silicon
substrate may further include a main chamber to provide
an airtight space, wherein the crucible part comprises a
raw material injecting part provided in the main chamber,
having a raw material injecting hole passing through an
upper portion thereof, and a gas injecting part spaced
apart a predetermined distance from the raw material
injecting hole, having a gas injecting hole passing
through an upper portion thereof; a raw material supply-
ing part comprising a raw material supplying body ar-
ranged on the main chamber to store a silicon raw ma-
terial, a raw material supplying pipe to connect the raw
material supplying body and the raw material injecting
part with each other and a first valve to control opening
and closing of the raw material supplying pipe; and a gas
supplying part to supply an inert gas to the crucible part.
[0032] In another aspect of the invention, an apparatus
for manufacturing a silicon substrate includes a crucible
part to form molten silicon therein, the crucible part com-
prising an outlet formed through a predetermined portion
thereof in a parallel direction with respect to a bottom
surface thereof; a molding part extended from the outlet
in a parallel direction with respect to the outlet of the
crucible part, the molding part comprising a molding
space where a silicon substrate is formed; and a dummy
bar inserted in the molding part, wherein the dummy bar
is formed of single-crystalline  to enable a solid-liquid
interface generated in forming the silicon substrate to be
substantially perpendicular to a direction in which the sil-
icon substrate is formed.
[0033] The apparatus for manufacturing the silicon
substrate may further include a dummy bar coupling part

that is able to be coupled to the dummy bar.
[0034] The crucible part may include a top surface, side
surfaces extended from the top surface in a downward
direction and an inclined part having a slope of an acute
angle with respect to one of the side surfaces.
[0035] The apparatus for manufacturing the silicon
substrate may further include a closable part to close the
dummy bar and an outside of the dummy bar coupling
part to prevent fluidal molten silicon from contacting with
external air in the molding space.
[0036] The crucible part may include a first crucible
part and a second crucible part, and the crucible part has
an inlet to charge a silicon raw material therein and a first
outlet formed through a predetermined portion thereof in
a parallel direction with respect to the bottom surface,
and the second crucible part may have a corresponding
appearance to the first crucible part, with being insertedly
coupled to the first crucible part, and an internal cross
section area of the second crucible part may be gradually
decreased in a downward direction.
[0037] The crucible part may include an injecting hole
passing through an upper portion of the crucible part, and
the crucible part may further include a raw material sup-
plying part to supply a silicon raw material to the injecting
part; and a gas supplying part to supply gas to the inject-
ing part, and the silicon raw material and the gas is se-
lectively supplied to the injecting part.
[0038] In a further aspect of the invention, an apparatus
for manufacturing the silicon substrate includes a crucible
part comprising an outlet formed through a predeter-
mined portion thereof in a parallel direction with respect
to a bottom surface thereof; a molding part extended from
the outlet in a parallel with respect to the outlet of the
crucible part, the molding part comprising a molding
space where a silicon substrate is formed; and a dummy
bar inserted in the molding space from a predetermined
portion of the molding part, wherein an end of the dummy
bar is formed of a single-crystalline material.
[0039] The ingle-crystalline material may be single-
crystalline silicon.
[0040] In a still further aspect of the invention, an ap-
paratus for manufacturing the silicon substrate includes
a crucible part to accommodate molten silicon; a molding
part physically connected with the crucible part, to form
a silicon substrate; and a dummy bar having a single-
crystalline material to align grains of a silicon substrate
in a single direction, when a silicon substrate is formed
in the molding part.
[0041] The single direction of the aligned grains of the
silicon substrate formed in the molding part may be a
longitudinal direction of the molding part.
[0042]  [ADVANTAGEOUS EFFECTS] 
[0043] The embodiments have following advanta-
geous effects.
[0044] First, the silicon substrate is formed by using
the single- crystalline dummy bar, different from the con-
ventional silicon substrate manufacturing apparatus in-
cluding a lower substrate that removes a latent heat of
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molten silicon to solidify the molten silicon in a molding
part via a crucible part. Accordingly, the size of the grains
generated in the silicon substrate may be enlarged.
[0045] Second, the single- crystalline dummy bar in-
serted in the molding part is used. Accordingly, the growth
direction of the silicon grains and the solid- liquid interface
may be perpendicular to each other, to enlarge the size
of the grains in the silicon substrate.
[0046] Finally, different from the conventional direct sil-
icon substrate manufacturing method, the silicon sub-
strate is pulled horizontally. Accordingly, productivity
may be enhanced.
[0047]  [BRIEF DESCRIPTION OF THE DRAWINGS] 
[0048] Arrangements and embodiments may be de-
scribed in detail with reference to the following drawings
in which like reference numerals refer to like elements
and wherein:
[0049] FIG. 1 FIG. 1 includes a schematic diagram il-
lustrating an apparatus for manufacturing a silicon sub-
strate manufactured according to RGS technique for di-
rectly manufacturing a silicon substrate from molten sil-
icon in a horizontal direction and a diagram illustrating a
fine structure of the silicon substrate fabricated according
to the RGS technique;
[0050] FIG. 2 is a diagram schematically illustrating an
apparatus for manufacturing a silicon substrate accord-
ing to an embodiment of the invention;
[0051] FIG. 3 is a perspective view illustrating a cruci-
ble part shown in FIG. 2;
[0052] FIG. 4 is a sectional view illustrating an appa-
ratus for manufacturing a silicon substrate according to
another embodiment of the invention;
[0053] FIG. 5 is an exploded perspective view of FIG. 4;
[0054] FIG. 6 is a diagram illustrating an apparatus for
manufacturing a silicon substrate according to a further
embodiment of the invention;
[0055] FIG. 7 is a diagram illustrating an apparatus for
manufacturing a silicon substrate according to a still fur-
ther embodiment of the invention;
[0056] FIG. 8 is a diagram specifically illustrating the
apparatus for manufacturing the silicon substrate accord-
ing to the embodiment;
[0057] FIG. 9 is a sectional view illustrating a molding
part shown in FIG. 8;
[0058] FIG. 10 is a diagram schematically illustrating
an apparatus for manufacturing a silicon substrate ac-
cording to a still further embodiment of the invention;
[0059] FIG. 11 is a diagram schematically illustrating
a moving direction of a dummy bar shown in FIG. 10 and
a grain of the silicon substrate;
[0060] FIG. 12 is a diagram a diagram illustrating an
apparatus for manufacturing a silicon substrate accord-
ing to a still further embodiment of the invention;
[0061] FIG. 13 is a diagram a diagram illustrating an
apparatus for manufacturing a silicon substrate accord-
ing to a further embodiment of the invention; and
[0062] FIG. 14 is a diagram illustrating a closable part
shown in FIG. 13 that is unfolded.

[0063]  [BEST MODE] 
[0064] As follows, embodiments will be described in
detail to be embodied by those skilled in the art to which
the embodiments pertain to, in reference to the accom-
panying drawings. Reference may now be made in detail
to specific embodiments, examples of which may be il-
lustrated in the accompanying drawings.
[0065] Wherever possible, same reference numbers
may be used throughout the drawings to refer to the same
or like parts.
[0066] Unless specific definition, meaning of all termi-
nology used in the present specification is identical to
common meaning of terminology people skilled in the art
to which the present invention pertains may understand
and not intended to limit the invention. Unless meaning
thereof is defined specifically, a singular expression used
in the specification includes a plural form. If there is col-
lision between definition of the terminology used in the
present specification and definition of the conventional
terminology, definition used in the present invention has
priority. Any reference in this specification to "comprise,"
or "include" means that there are a characteristic, a
number, a step, an operation, an element, a part or com-
bination thereof and not exclude one or more other char-
acteristics, numbers, steps, operations, elements, parts
or combinations thereof and additional possibility.
[0067] FIG. 2 is a diagram schematically illustrating an
apparatus for manufacturing a silicon substrate accord-
ing to an embodiment of the invention. FIG. 3 is a per-
spective view illustrating a crucible part shown in FIG. 2.
[0068] In reference to FIGS. 2 and 3, an apparatus for
manufacturing a silicon substrate (hereinafter, a silicon
substrate manufacturing apparatus) includes a crucible
part 200 and a molding part 300.
[0069] The crucible part 200 includes a top surface
210, side surfaces 250 and an inclined part 241.
[0070] The crucible part 200 may be defined by the top
surface 210, the side surfaces 250 downwardly extended
from the top surface 210 and the inclined part 241 having
a slope of an acute angle with respect to one of the side
surfaces 250. The crucible part 200 may be formed of
graphite.
[0071] In a different aspect of the invention, an internal
cross sectional area of the crucible part 200 may be grad-
ually decreased in a downward direction.
[0072] The inclined part 241 may be longer in a down-
ward direction than a side surface 250 located in oppo-
site. Accordingly, a groove does not have to be formed
in the crucible part 200 coupled to the molding part, which
will be described later, to exhaust molten silicon.
[0073] In addition, the inclined part 241 may be inte-
grally or independently formed with the side surface 250.
[0074] Meanwhile, different from what is shown in the
drawings, the crucible part may be defined by the top
surface 210, the side surfaces 250 extended from the
top surface 210 in a downward direction and a bottom
surface extended from the side surfaces 250 in a per-
pendicular direction.

5 6 



EP 2 647 741 A2

5

5

10

15

20

25

30

35

40

45

50

55

[0075] The crucible part may provide a closed internal
space.
[0076] Also, an inclined part is connected with the bot-
tom surface, with a slope of an acute angle with respect
to one of the side surfaces 250.
[0077] Meanwhile, silicon carbide (SiC) or silicon ni-
tride (Si3N4) may be coated on an internal space of the
crucible part 200. Accordingly, when the crucible part 200
is formed of graphite, contamination of silicon molten (M)
may be prevented that might be caused by the graphite
of the crucible part.
[0078] The molding part 300 includes a first molding
part 311 and a second molding part 321.
[0079] The first molding part 311 may be extended
from the side surface 250 facing the inclined part 241 in
a perpendicular direction.
[0080] The second molding part 321 is coupled to the
inclined part 241, extended in parallel to the first molding
part 311.
[0081] Although not shown in the drawings, the inclined
part 241 and the second molding part 321 are coupled
to each other by a bolt.
[0082] Accordingly, the second molding part 321 may
be employed as a bottom of the crucible part 200.
[0083] A molding space is formed between the first
molding part 311 and the second molding part 321.
[0084] Also, the first molding part 311 and the second
molding part 321 may form an outlet 232 to suck the
molten silicon (M) stored in the crucible part 200.
[0085] A predetermined area of an upper surface ad-
jacent to an end of the first molding part 311 may be in
contact with an end of the side surface 250 facing the
inclined part.
[0086] When the internal space of the molding part 300
is pressed at a high pressure than the internal space of
the crucible part 200 by the molten silicon (M) is drawn
into the molding space via the outlet 232, the internal
space of the molding part may prevent the molten silicon
(M) from flowing out, compared with the end of the first
molding part 311 in contact with an outer surface of the
side surface 250.
[0087] Different from what is shown in the drawings,
the end of the inclined part 241 may be in contact with
an extended line in a perpendicular direction with respect
to the side surface 250 facing the inclined part 241.
[0088] Accordingly, when the molten silicon (M) is not
stored in the crucible part 200 continuously, the molten
silicon (M) may be prevented from remaining in the cru-
cible part 200.
[0089] The molten silicon (M) is transported to the
molding part 300 via the outlet 232.
[0090] The fluidal silicon molten (M) may be solidified
in the molding part 232, to be a silicon substrate.
[0091] Detailed description of the molding part will be
made later in reference to corresponding drawings.
[0092] Meanwhile, the silicon substrate manufacturing
apparatus according to this embodiment of the invention
may further include a dummy bar 400.

[0093] An end of the dummy bar 400 is in contact with
the molten silicon (M) to solidify the molten silicon (M).
[0094] Meanwhile, different from what is shown in the
drawings, the silicon substrate manufacturing apparatus
according to the embodiment may solidify the molten sil-
icon (M), without the dummy bar 400.
[0095] When silicon raw material is charged into the
crucible part 200 to form the molten silicon (M) in the
silicon substrate manufacturing apparatus according to
the embodiment, the molten silicon (M) inside the crucible
part 200 may press the molten silicon (M) located in a
lower area of the crucible part 200 adjacent to the outlet
232 along the inclined part 240.
[0096] In other words, compared with the crucible part
having no inclined part, the molten silicon (M) is pressed
toward the lower area of the crucible part having the in-
clined part and is can move toward the outlet 232 smooth-
ly.
[0097] As a result, the silicon substrate manufacturing
apparatus according to this embodiment includes the in-
clined part 240 formed in the crucible part 200 to make
the cross section area inside the crucible part decreased
in the downward direction, such that the molten silicon
may press the lower area of the crucible part.
[0098] FIG. 4 is a sectional view illustrating a silicon
substrate manufacturing apparatus according to another
embodiment of the invention. FIG. 5 is an exploded per-
spective view of a crucible part shown in FIG. 4.
[0099] A silicon substrate manufacturing apparatus ac-
cording to this embodiment is similar to the apparatus
according to the embodiment shown in FIG. 3 and the
description of the same component elements thereof will
be omitted accordingly.
[0100] In reference to FIGS. 4 and 5, a crucible part
202 applied to this embodiment includes a first crucible
part 203 and a second crucible part 204.
[0101] The first crucible part 203 may be defined by an
upper surface 210, side surfaces 250 extended from the
upper surface 210 and a first inclined part 241 having a
slope of an acute angle with respect to one of the side
surfaces 250. Different from  the crucible part 200 ac-
cording to the embodiment mentioned above, the first
crucible part 203 may have the inclined part.
[0102] The first crucible part 203 may be formed of
graphite.
[0103] The second crucible part 204 may be provided
in the first crucible part 203 and it may have a second
inclined part 245 corresponding to the first inclined part
241.
[0104] A crucible part 300 according to this embodi-
ment is identical to the crucible part provided in the silicon
substrate manufacturing apparatus according to the em-
bodiment mentioned above and detailed description
thereof will be omitted.
[0105] An end of the second inclined part 245 may be
in contact with a line extended in a perpendicular direction
with respect to the side surface 250 facing the second
inclined part 245.
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[0106] Accordingly, molten silicon (M) may be prevent-
ed from remaining inside the crucible part 200 if molten
silicon (M) is not stored in the crucible part 200 continu-
ously.
[0107] In addition, the second inclined part 245 of the
second crucible part may be longer than the side surface
250 facing the second inclined part in a downward direc-
tion.
[0108] The second crucible part 204 may be formed of
quartz and the material used for the second crucible may
not be limited thereto. The second crucible part 204 may
be formed of any materials capable of preventing the
molten silicon from being contaminated by the first cru-
cible part 203.
[0109] Meanwhile, SiC or Ni3N4 may be coated on the
first crucible part 203.
[0110] Accordingly, when the second crucible part 204
is a quartz crucible, graphite and quartz physically con-
tact with each other only to prevent SiO or Co gas from
being generated from an interface.
[0111] In a different aspect of the invention, a cross
section area inside the second crucible part 203 may be
gradually decreased in a downward direction.
[0112] The crucible part 202 applied to the silicon sub-
strate manufacturing apparatus according to this embod-
iment includes the second crucible part 204 capable of
shutting off carbon from penetrating into the molten sili-
con (M), when the first crucible part 203 is a graphite
crucible. Accordingly, contamination of the molten silicon
(M) can be prevented.
[0113] Meanwhile, different from the embodiment
mentioned above, the second crucible part may have the
inclined internal structure, although the first crucible part
has no inclined structure. Accordingly, the molten silicon
may move via the outlet smoothly.
[0114] FIG. 6 is a diagram illustrating a silicon sub-
strate manufacturing apparatus according to a further
embodiment of the invention.
[0115] In reference to FIG. 6, the silicon substrate man-
ufacturing apparatus according to this embodiment in-
cludes a main chamber 100, a crucible part 200, a raw
material supplying part 500 and a gas supplying part 600.
[0116] The main chamber 100 provides an airtight clos-
able space and it is closable at a predetermined side
although not shown in the drawing.
[0117] The crucible part 200 may be one of the crucible
parts described in the embodiments mentioned above
and it may include a raw material injecting part 212 and
a gas injection part 214.
[0118] As shown in FIG. 2, the raw material injection
part 212 may include a raw material injecting hole 211
passing through a top of the crucible part.
[0119] The gas injecting part 214 may include a gas
injecting hole 213 passing through the top of the crucible
part 200, spaced apart a predetermined distance from
the raw material injecting hole.
[0120] The raw material supplying part 500 may in-
clude a raw material supplying body 502, a raw material

supplying pipe 504 and a first valve 506.
[0121] The raw material body 502 may be arranged on
the main chamber 100 to store silicon raw material such
that a predetermined amount of silicon raw material may
be exhausted via an outlet formed through a bottom sur-
face of the raw material body 502 regularly.
[0122] The raw material supplying pipe 504 passes
through a top surface of the main chamber 100 to connect
a bottom of the raw material supplying body 502 and the
raw material injection part 212 of the crucible part 200
with each other, such that the silicon raw material ex-
hausted from the raw material supplying body 502 may
be supplied to the internal space of the crucible part 200.
[0123] The first valve 506 may be arranged between
the raw material supplying body 502 and the raw material
supplying pipe 504. Also, the first valve 506 may be ar-
ranged on the main chamber 100 and it may be distant
from the crucible part, to prevent damage generated by
the heat.
[0124] In addition, when the silicon raw material is sup-
plied to the crucible part 200, the first valve 506 is open.
When an inert gas is supplied from the top of the main
chamber 100, the first valve 506 is closed. Accordingly,
the inert gas may not be detained in the raw material
supplying body 502 via the raw material supplying pipe
504.
[0125] The gas supplying part 600 may include a gas
generator 602, a gas supplying pipe 604 and a second
valve 606.
[0126] The gas generator 602 may generate an inert
gas having a low reactivity with graphite such as argon
(Ar) or it may provide a predetermined space to store the
inert gas.
[0127] The gas supplying pipe 604 may passes
through the top of the main chamber 100 to connect the
gas generator 602 and the gas injecting part 214 of the
crucible  part with each other, to supply the inert gas to
the crucible part 200 from the gas generator 602.
[0128] Meanwhile, different from the gas supplying
part, the gas supplying part may not include the gas sup-
plying pipe.
[0129] Accordingly, an internal space of the main
chamber 100 is pressed by the inert gas supplied from
the gas generator 602 and the inert gas is supplied from
the main chamber 100 via the gas injecting part 214, such
that an entire space inside both of the main chamber and
the crucible part 200 may be pressed by the inert gas.
[0130] The inert gas may press the internal space of
the crucible part 200 to exhaust the molten silicon (M)
via the outlet 232 shown in FIG. 2 smoothly.
[0131] When the temperature of the molten silicon (M)
is low, fluidity of the molten silicon is deteriorated and the
inert gas may not press too much.
[0132] As a result, the internal pressure of the crucible
part 200 enabled by the inert gas may be 1∼5 bar to
exhaust the molten silicon (M) via the outlet 232, when
the fluidity of the molten silicon is deteriorated too much,
and to prevent a pore from being generated in the molten
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silicon (M) by the high pressure of the inert gas.
[0133] The second valve 606 may be arranged be-
tween the gas generator 602 and the gas supplying pipe
604. The second valve 606 may be arranged on the main
chamber 100.
[0134] When the inert gas is supplied to the crucible
part 200, the first valve is closed and the second valve
is open.
[0135] Accordingly, when the inert gas increases the
internal pressure of the crucible part 200, the first valve
506 is closed to prevent the inert gas from pressing the
inside of the raw material supplying body 502 after drawn
therein.
[0136] The silicon substrate manufacturing apparatus
according to this embodiment can prevent the manufac-
ture cost of the raw material body 502 from increasing to
have the material or structure that enables the raw ma-
terial supplying body 502 to endure the pressed inert gas.
[0137] FIG. 7 is a diagram illustrating a silicon sub-
strate manufacturing apparatus according to a still further
embodiment of the invention.
[0138] In reference to FIG. 7, the silicon substrate man-
ufacturing apparatus according to this embodiment of the
invention includes a main chamber 100, an auxiliary
chamber 110, a crucible part 200, a raw material supply-
ing part 501 and a gas supplying part 601.
[0139] The main chamber 100 provides an airtight
space and it is closable at a predetermined side.
[0140] The crucible part 200 may be similar to one of
the embodiments mentioned above. The crucible part
200 according to this embodiment includes a single in-
jecting part 215 to inject the silicon raw material and the
inert gas there through, without the  raw material injecting
part and the gas injecting part 214 mentioned above in-
dependently.
[0141] The raw material supplying part 501 may in-
clude a raw material supplying body 510 and a supplying
pipe 550.
[0142] The raw material supplying body 510 may be
installed in the auxiliary chamber 110 and it includes a
raw material storing part 512 and a raw material moving
part 514.
[0143] The raw material storing part 512 provides a
predetermined space to store the silicon raw material (P).
[0144] The raw material moving part 514 may be con-
nected with the raw material storing part 512 and it may
move a predetermined amount of silicon raw material (P)
regularly.
[0145] The supplying pipe 550 is connected with the
injecting part 215 of the crucible part, adjacent to an end
of the raw material moving part 514.
[0146] The supplying pipe 550 includes a first supply-
ing pipe 552 and a second supplying pipe 554.
[0147] The first supplying pipe 552 may define a lower
part of the raw material supplying pipe 550 and it may be
arranged in the main chamber 100.
[0148] In addition, the first supplying pipe 552 may be
formed of graphite and it may prevent the raw material

from being damaged by the heat in the high temperature
chamber 100.
[0149] The second supplying pipe 554 may define an
upper part of the raw material supplying pipe 550 and it
may be arranged in the auxiliary chamber 110.
[0150] In addition, the second supplying pipe 554 is
formed of stainless steel. The material used for the sec-
ond supplying pipe 554 is not limited thereto and it may
be any metal that is able to endure the heat inside of the
auxiliary chamber 110, with high anticorrosion.
[0151] The supplying pipe 550 may further include a
supplying part upper end 556 extended from the second
supplying pipe 554, with a cross sectional area gradually
increasing in an upward direction.
[0152] Accordingly, the silicon raw material (P) moved
to the raw material moving part 514 may be supplied to
the supplying pipe 550 smoothly.
[0153] The gas supplying part 601 may be provided
adjacent to the auxiliary chamber 110 and it may gener-
ate an inert gas or provide a predetermined space to
store the inert gas.
[0154] In addition, the auxiliary chamber 110 may have
a hole formed there through to receive the inert gas from
the gas supplying part 601.
[0155] When the inert gas is supplied to the auxiliary
chamber 110 from the gas supplying part 601, the inert
gas may press an internal space of the auxiliary chamber
110 and the crucible part 200 via the supplying pipe 550
simultaneously.
[0156] The auxiliary chamber 110 and the raw material
supplying part 501 may be formed of a predetermined
material capable of enduring the pressure generated by
the inert gas.
[0157] The silicon substrate manufacturing apparatus
according to this embodiment may selectively supply the
silicon raw material and the inert gas to the crucible part
200 via the single supplying pipe 550, different from the
silicon substrate manufacturing apparatus according to
the embodiment shown in FIG. 6.
[0158] Furthermore, the silicon raw material and the
inert gas are supplied via the single supplying pipe 550
and the manufacturing cost can be lowered, compared
with the raw material supplying pipe and the gas supply-
ing pipe separately provided as shown in FIG. 6.
[0159] Still further, the supplying pipe capable of en-
during the high temperature is united to reduce the man-
ufacturing cost.
[0160] Only the auxiliary chamber 110 is pressed, not
the entire part of the main chamber 100, to reduce the
unnecessary inert gas supply. The opening and closing
of the valve is not complicated and the silicon substrate
manufacturing apparatus can be operated smoothly.
[0161] FIG. 8 is a diagram specifically illustrating the
silicon substrate manufacturing apparatus the according
to the embodiment shown in the first embodiment and
FIG. 9 is a sectional view illustrating the molding part
shown in FIG. 8.
[0162] In reference to FIG. 8, the silicon substrate man-
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ufacturing apparatus the according to the embodiment
includes the crucible part 200, a heating part 610, the
molding part 300, a cooling part 640 and a transporting
part 670.
[0163] The crucible part 200 is described in reference
to FIG. 2 and detailed description thereof will be omitted.
[0164] The heating part 610 may be installed outer to
the crucible part 200. The heating part 610 may heat the
crucible part 200 and it may melt the silicon raw material
charged in the crucible part 200, to form the molten silicon
(M).
[0165] In addition, the heating part 610 may maintain
the temperature of the molten silicon (M), when the mol-
ten silicon (M) is directly supplied to the crucible part 200.
[0166] The heating part 610 includes a first heating part
612 arranged along an outside of the side surface 250
constituting the crucible part and a second heating part
614 arranged along an outside of the bottom surface 230
constituting the crucible part.
[0167] The first heating part 612, the second heating
part 614 and a third heating part 260 may have a heater
and an induction coil.
[0168] The first heating part 612 and the second heat-
ing part 614 may be controlled independently and a tem-
perature difference of the molten silicon (M) inside the
crucible part 200 may be reduced accordingly.
[0169] The temperature of the molten silicon (M) may
be 1300∼1500°C to prevent solidification of the molten
silicon (M) within the crucible part 200 and to prevent
increase of the cost taken to heat the molten silicon (M)
to maintain the temperature.
[0170] The molding part 300 may be extended from
the outlet 232 in a parallel direction with respect to the
outlet 232 of the crucible part and it may have a molding
space where the silicon substrate (S) is formed. The
molding part 300 may include an auxiliary heating part
615 to control the temperature for solidifying the silicon
substrate (S) inside the molding space.
[0171] As shown in FIG. 9, the molding space may be
divided into a solidification region (S1) to cool and solidify
the silicon substrate (S) and a stress releasing region
(S2) to release stress remaining in the solidified silicon
substrate (S).
[0172] The solidification region (S1) starts at an area
of the molding part 300 adjacent to the outlet 232 to an
area in front of the molding part 300 in a moving direction
of the silicon substrate (S).
[0173] In the solidification region (S1), the molten sili-
con (M) supplied from the outlet 232 may be solidified
primarily. Although not shown in the drawing, a straight
distance between both ends of the solidification region
(S1) may be longer than a straight distance between both
ends of the outlet 232.
[0174] The stress releasing region (S2) starts at an ar-
ea adjacent to the solidification region (S1) to an area
behind the molding part 300.
[0175] In the stress releasing region (S2), the silicon
substrate (S) may be annealed secondarily to release

the stress of the silicon substrate (S) and to prevent the
solidified substrate from rapidly being cooled.
[0176] The auxiliary heating part 615 may include a
first auxiliary heating part 616 and a second auxiliary
heating part 617.
[0177] The first auxiliary heating part 616 may be in-
stalled corresponding to the solidification region (S1) and
it may primarily heat the silicon substrate (S) located in
the solidification region (S1).
[0178] The second auxiliary heating part 617 may be
installed corresponding to the stress releasing region
(S2) and it may heat the silicon substrate (S) located in
the stress releasing region (S2).
[0179] The first auxiliary heating part 616 or the second
auxiliary heating part 617 may have a heater or an in-
duction coil.
[0180] In addition, as shown in FIG. 9, the first and
second auxiliary heating parts 616 and 617 may be in-
stalled outer to the molding part 300. The position of the
molding part is not limited thereto and the molding part
300 may be installed in the molding part.
[0181] When the molten silicon (M) supplied to the
molding space formed in the molding part 300 is rapidly
cooled or the primarily solidified silicon substrate (S) is
cooled rapidly, the size of the grain generated in the sil-
icon substrate (S) might be  smaller than the required
size or the remaining stress might be enlarged. To pre-
vent that, the first auxiliary heating temperature achieved
by the first auxiliary heating part 616 may be the silicon
melting temperature or higher and the second auxiliary
heating temperature achieved by the second auxiliary
heating part 617 may be lower than the silicon melting
temperature.
[0182] Accordingly, the temperature at which the sili-
con substrate is solidified may be controlled by the aux-
iliary heating part 615 and the grain size of the silicon
substrate may be enlarged accordingly, to prevent the
stress fro remaining.
[0183] The cooling part 640 may be installed at a rear
end of the molding part 300. Also, the cooling part 640
may cool the silicon substrate (S) molded in the molding
part 300 below 200°C.
[0184] The transporting part 670 may be installed be-
hind the molding part 300 and it may move the silicon
substrate (S) solidified in the molding part 300 in a hori-
zontal direction.
[0185] The transporting part 670 may have a pair of
transfer rollers 672 and 674 rotated in a reverse direction.
[0186] The transfer speed of the silicon substrate (S)
transferred by the transfer rollers 672 and 674 may be
identical to the silicon solidifying speed.
[0187] The transfer speed of the silicon substrate
transferred by the transfer part 670 may affect the thick-
ness of the silicon substrate and it may be 10 cm/min or
less.
[0188] FIG. is a diagram schematically illustrating a sil-
icon substrate manufacturing apparatus according to a
still further embodiment of the invention. FIG. 11 is a di-
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agram schematically illustrating a moving direction of a
dummy bar shown in FIG. 10 and a grain of the silicon
substrate.
[0189] The silicon substrate manufacturing apparatus
according to this embodiment is similar to the silicon sub-
strate manufacturing apparatus described in reference
to FIG. 2 and description of the same component ele-
ments will be omitted accordingly.
[0190] In reference to FIG. 10, the silicon substrate
manufacturing apparatus according to this embodiment
may further include a dummy bar 400, different from the
apparatus described in reference to FIG. 8.
[0191] The dummy bar 400 may be inserted in the
molding space of the molding part 300 from an end at
which the silicon substrate (S) formed in the molding
space of the molding part 300 is moved.
[0192] The dummy bar 400 may be formed of a single-
crystalline material.
[0193] The single-crystalline material may be single
crystalline silicon or single-crystalline germanium.
[0194] In other words, the dummy bar 400 may be
formed of graphite and the single-crystalline material is
bonded to an end of the dummy bar 400.
[0195] The dummy bar 400 may have a corresponding
shape with respect to the molding space of the molding
part 300.
[0196] The dummy bar 400 may be inserted in the
molding space of the molding part 300 and the molten
silicon (M) formed in the crucible part 200 may contact
with an end of the dummy bar 400.
[0197] As shown in FIG. 11, the growth direction (B)
of the grains generated in the silicon substrate formed
by surface-contacting the molten silicon from the end of
the dummy bar 400 may be substantially perpendicular
to the end of the dummy bar. In other words, a solid-liquid
interface between the liquid molten silicon and the silicon
substrate may be perpendicular to the growth direction
of the silicon grains.
[0198] In addition, the dummy bar 400 formed of single-
crystalline may enable the grains of the single-crystalline
silicon aligned in a single direction, compared with the
dummy bar formed of polycrystalline silicon, such that
the grains of the silicon substrate may be enlarged.
[0199] The single direction in which the grains of the
silicon substrate formed in the molding part 300 are
aligned may be a longitudinal direction of the molding
part.
[0200] The silicon substrate manufacturing apparatus
according to this embodiment uses the dummy bar
formed of the single-crystalline material. Accordingly, the
manufactured silicon substrate may enlarge the grains
of the silicon, compared with the grains of the silicon ac-
cording to the conventional RGS method.
[0201] As a result, a solar battery having high energy
conversion efficiency may be manufactured.
[0202] Meanwhile, in the vertical growth method of the
conventional method of directly manufacturing the silicon
substrate, the fabricated silicon substrate may be moved

upwardly and there is a problem of a long time taken to
manufacture the silicon substrate.
[0203] The silicon substrate manufacturing substrate
according to this embodiment may enable the crystalline
growth direction of the silicon and the solid-liquid inter-
face to be maintained in vertical direction and it may en-
hance productivity, compared with the conventional sili-
con substrate manufacturing apparatus according to the
direct manufacturing method.
[0204] In other words, the grain size of the silicon may
be enlarged and the silicon substrate productivity may
be enhanced simultaneously.
[0205] Meanwhile, the crucible part 200 may include a
top surface 210, side surfaces 250 extended from the
top surface 210 in a downward direction and an inclined
part 241 having a slope of an acute angle with respect
to one of the side surfaces 250.
[0206] Accordingly, the molten silicon is flowing into
the molding space along the inclined part 241 of the cru-
cible part and the silicon substrate can be manufactured
by the dummy bar, without a structure provided in the
bottom surface of the molding or the crucible part to trans-
fer the silicon substrate.
[0207] Also, as shown in FIG. 4, the crucible part 202
may include the first crucible part 203 and the second
crucible part 203 having the second inclined part 245.
[0208] As a result, although the first crucible part 203
has not inclined part, the second crucible part 245 has
the second inclined part 245 to enable the silicon sub-
strate to be formed by using the dummy bar, without the
structure provided in the bottom surface of the crucible
part or the molding part to transfer the silicon substrate.
[0209] FIG. 12 is a diagram illustrating a silicon sub-
strate manufacturing apparatus according to a still further
embodiment.
[0210] The silicon substrate manufacturing apparatus
according to this embodiment is similar to the silicon sub-
strate manufacturing apparatus according to the embod-
iment described in reference to FIG. 10 and detailed de-
scription of the same component elements will be omit-
ted.
[0211] In reference to FIG. 12, the silicon substrate
manufacturing apparatus according to this further em-
bodiment includes a crucible part 200, a molding part
302, a dummy bar 400 and a cooling part 650.
[0212] The crucible part 200 may have an outlet 232
formed through a predetermined portion of the crucible
part 200, in parallel to the bottom surface thereof.
[0213] The crucible part 200 may include a top surface
210, side surfaces 250 extended from the top surface
210 in a downward direction and an inclined part 241
having a slope of an acute angle with respect to one of
the side surfaces 250.
[0214] The molding part 302 may be extended from
the outlet 232 in a parallel direction with respect to the
outlet 232 of the crucible part and it may have a molding
space in which the silicon substrate is formed.
[0215] The molding part 302 may include a first mold-
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ing part 315 extended from a side surface 250 facing the
inclined part 241 in a perpendicular direction and a sec-
ond molding part 325 coupled to the inclined part 241,
extended in a parallel to the first molding part 315.
[0216] The first molding part 315 may be shorter than
the second molding part 325 with respect to the outlet
232.
[0217] Different from the first molding part shown in
FIG. 10, the first molding part 315 may not be positioned
in a predetermined area of the region in which the molten
silicon is converted into the silicon substrate.
[0218] In other words, an upper area of the molding
space may be partially exposed.
[0219] The dummy bar 400 may be inserted in the
molding space from a predetermined portion of the mold-
ing part 302.
[0220] The cooling part 650 may be installed adjacent
to the molding part.
[0221] Also, the cooling part 650 may include a gas
blowing part to blow gas.
[0222] The gas blowing part may blow gas toward the
area having no first molding part 315 toward the molding
space.
[0223] The gas may be an inert gas and the inert gas
may be helium, argon or nitrogen or a mixture of them.
[0224] The cooling part may not be limited thereto and
it may have a mechanism having a cooling channel.
[0225] In another aspect of the invention, the silicon
substrate manufacturing apparatus may cool the dummy
bar or the silicon substrate via an upper portion of the
molding part, when the silicon substrate is formed in the
molding space.
[0226] In other words, the cooling part 650 blow the
gas toward the dummy bar or silicon substrate partially
exposed from the molding part to cool the silicon sub-
strate.
[0227] The silicon substrate manufacturing apparatus
according to this embodiment has an advantage of no
dummy bar coupling part or auxiliary cooling device pro-
vided at an end of the molding part.
[0228] In addition, air cooling may be performed, rather
than water cooling, to reduce the cooling cost.
[0229] FIG. 13 is a diagram illustrating a silicon sub-
strate manufacturing apparatus according to a still further
embodiment.
[0230] In reference to FIG. 13, the silicon substrate
manufacturing apparatus further include a dummy bar
coupling part 700, a moving part 800 and a closable part
900, different from the apparatus according to the em-
bodiment described in reference to FIG. 11.
[0231] The dummy bar coupling part 700 may be cou-
pled to the dummy bar 400 and it may be formed of graph-
ite.
[0232] The dummy bar coupling part 700 and the dum-
my bar may be coupled to each other by a bolt.
[0233] The dummy bar coupling part 700 may have a
clamp shape.
[0234] The dummy bar coupling part 700 may include

a coupling body 710, an upper coupling portion 720 that
is able to surface-contact with an upper surface of the
dummy bar and a lower coupling portion 740 that is able
to surface-contact with a lower surface of the dummy bar
400, in parallel to the upper coupling portion.
[0235] The upper coupling portion 720 and the lower
coupling portion 740 may be formed of a predetermined
material having elasticity.
[0236] Accordingly the upper coupling portion 720 and
the lower coupling portion 740 may prevent the shock
applied to the dummy bar 400 when they are in surface-
contact with the dummy bar 400.
[0237] Also, the upper coupling portion 720 and the
lower coupling portion 740 presses the dummy bar 400
in an up- and- down direction, such that the dummy bar
coupling part 700 may be coupled to the dummy bar 400.
[0238] Although not shown in the drawing, the dummy
bar coupling part 700 may have a cooling channel.
[0239] A fluidal material flows via the cooling channel
in the dummy coupling part 700, to lower the temperature
of the dummy coupling part 700 and to lower the  tem-
perature of the dummy bar 400 coupled to the dummy
coupling part 700 accordingly.
[0240] As a result, the temperature of the dummy bar
400 may be lowered and a latent heat of the molten silicon
within the molding part may be removed, to solidify the
silicon substrate.
[0241] Meanwhile, the cooling channel is provided in
the dummy bar coupling part 700 and an unnecessary
heat can be removed, only to prevent the neighboring
graphite from contaminating the silicon substrate.
[0242] The moving part 800 may be connected with
the dummy bar coupling part 700, to move the dummy
bar coupling part 700 horizontally.
[0243] The moving part 800 includes a moving body
810, a moving support 820 and a driving part 840.
[0244] The moving body 810 is connected with the
dummy bar coupling part 700.
[0245] The moving support 820 may support the mov-
ing body 810 and it may have a rail 822. Although not
shown in the drawing, the moving body 810 may have a
wheel corresponding to the rail 822.
[0246] Meanwhile, the moving support 820 may have
all types of mechanisms enabling the moving support to
move the moving body, not limited to the rail 822.
[0247] The driving part 840 is installed in the moving
body 810 and it provides a rotational force to the wheel.
In other words, the wheel rotatable by the driving part
840 may be rotated along the rail 822.
[0248] Accordingly, the moving part 800 may be moved
horizontally to insert the dummy bar 400 coupled to the
dummy bar coupling part 700 in the molding part 300 or
withdraw it from the molding part 300.
[0249] Different from the transfer part having the pair
of the rollers shown in FIG. 9, the dummy bar coupling
part 700 and the moving part 800 that consists of the
mechanism capable of pulling the dummy bar are pro-
vided in the silicon substrate manufacturing apparatus
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according to this embodiment such that damage to the
molded silicon substrate caused by the roller may be pre-
vented.
[0250] Meanwhile, the silicon substrate manufacturing
apparatus according to this embodiment may further in-
clude a main chamber 100 to accommodate the crucible
part 200 and the molding part 300.
[0251] The closable part 900 may be next to the main
chamber 100 and it may cover an outer portion of the
dummy bar coupling part 700, expandable in a longitu-
dinal direction of the dummy bar 400.
[0252] Also, the closable part 900 may be a bellows
as shown in FIG. 13.
[0253] The closable part 900 may be formed of stain-
less steel or aluminum alloy. The stainless steel may be
an alloyed steel of iron and chrome or an alloyed steel
of iron, nickel and chrome. The material used for the clos-
able part is not limited to the stainless steel or aluminum
alloy and it may be a metallic material capable of  endur-
ing the heat generated from the side of the molding part
300, with high corrosion resistance.
[0254] The closable part 900 may have an expandable
part 910 and a connecting part 920.
[0255] As shown in FIG. 14, the expandable part 910
may be expandable as far as the dummy bar coupling
part 700 is movable horizontally on the moving support
820. Accordingly, the expandable part 910 may be ex-
panded or contracted, corresponding to the horizontal
movement of the dummy bar coupling part 700, such that
external air may be prevented from coming into the ex-
pandable part 910.
[0256] Also, the connecting part 920 may include a first
connecting part 922 to connect the main chamber 100
and the expandable part 910 with each other and a sec-
ond connecting part 924 to connect the moving part 800
and the expandable part 910 with each other.
[0257] The first connecting part 922 or the second con-
necting part 924 may have a groove corresponding to a
bolt enabling bolt fastening. The closable part 900 may
be coupled to or separated from the portion of the main
chamber 100 or the moving part 800 when necessary.
[0258] In another aspect of the invention, the closable
part 900 may enable the dummy bar coupling part 700
to be arranged in the airtight space.
[0259] The silicon substrate manufacturing apparatus
according to this embodiment may include the closable
part 900 installed outer to the dummy bar coupling part
700. Accordingly, the dummy bar coupling part formed
of graphite may be prevented from being oxidized after
contacting with external air.
[0260] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, var-
ious variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combi-

nation arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to
variations and modifications in the component parts
and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims

1. An apparatus for manufacturing a silicon substrate
comprising:

a crucible part;
a molding part extended from an outlet of the
crucible part, the molding part comprising a
molding space where a silicon substrate is
formed; and
a dummy bar inserted in the molding space from
a predetermined portion of the molding part,
wherein the dummy bar is formed of a single-
crystalline material.

2. The apparatus for manufacturing the silicon sub-
strate according to claim 1, wherein the single-crys-
talline material is single-crystalline silicon.

3. The apparatus for manufacturing the silicon sub-
strate according to claim 1, further comprising:

a dummy bar coupling part that is able to be
coupled to the dummy bar.

4. The apparatus for manufacturing the silicon sub-
strate according to claim 3, further comprising:

a driving part to drive the dummy bar coupling
part to be movable in a longitudinal direction of
the molding part.

5. The apparatus for manufacturing the silicon sub-
strate according to claim 1, wherein the crucible part
comprises a top surface, side surfaces extended
from the top surface in a downward direction, a bot-
tom surface extended from the side surfaces in a
perpendicular direction and an inclined part having
a slope of an acute angle with respect to one of the
side surfaces.

6. The apparatus for manufacturing the silicon sub-
strate according to claim 3, further comprising:

a closable part arranged adjacent to the molding
part to cover an outside of the dummy bar cou-
pling part, the closable part that is expandable
and contractible in a longitudinal direction of the
dummy bar.

7. The apparatus for manufacturing the silicon sub-
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strate according to claim 1, wherein the crucible part
comprises a first crucible part and a second crucible
part, and
the first crucible part comprises a top surface, side
surfaces extended from the top surface in a down-
ward direction, a bottom surface extended from the
side surfaces in a perpendicular direction and a first
outlet formed through a predetermined portion there-
of in a parallel direction with respect to the bottom
surface, and
the second crucible part is insertedly coupled to the
first crucible part and the second crucible part com-
prises a second inclined part connected with the bot-
tom surface, with a slope of an acute angle with re-
spect to an upper portion of the top surface provided
in the first crucible part.

8. The apparatus for manufacturing the silicon sub-
strate according to claim 1, further comprising:

a main chamber to provide an airtight space,
wherein the crucible part comprises a raw ma-
terial injecting part provided in the main cham-
ber, having a raw material injecting hole passing
through an upper portion thereof, and a gas in-
jecting part spaced apart a predetermined dis-
tance from the raw material injecting hole, hav-
ing a gas injecting hole passing through an up-
per portion thereof;
a raw material supplying part comprising a raw
material supplying body arranged on the main
chamber to store a silicon raw material, a raw
material supplying pipe to connect the raw ma-
terial supplying body and the raw material inject-
ing part with each other and a first valve to con-
trol opening and closing of the raw material sup-
plying pipe; and
a gas supplying part to supply an inert gas to
the crucible part.
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